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I, IN1ROBUCTION 

It was reqwstcd %hat a candidate material study be performed on sheet natefiah9 
s A b b l e  f o r  duc t ing  and bellous. These materials should have good strength 
ad toay ,hess  through a temperature range from +8OOF to *3F, The fol ladng 
c.ata*-i3;s u3:c s.mciy€xi , 

1. 
2. 
3. 
L. 
5. 
6,  
7 .  
8. 
9. 
10. 
11 , 
12. 
3. 
5 1  
ALL: . 
- 3 .  
-3 . 
-3 . 
- I  

_ .  

17 , . -  

19. 
20. 
21. 
22. 
23 
2&. 
25 
26. 
27 
28, 
29. 
30. 
31. 
32 
33. 
3 h  

I n  o r d c ~  ;o cc::;ile the data f o r  t h i s  report, it uaa necessarl to establish 
c s r t a l r .  i r ~ > s d  rules.  They are as follows: 

1. Lt(t. p r o s ~ n t s d  I s  ofly an indicat ion f o r  any given material, 
La cc;r .~ird& as a design allowable, 
cc-ve,-;?l sccrcos, but it may in SCN casesI re;?rcsent a single sample. 
?Lr;hcr, it was found that i n  arly given material, We propsties  ccrild 
vzrj  zeasuxibly fraP heat to heat ami from om sheat thickness to another. 

:;o~ch~</uzaotcked t e n s i l e  ratios 4u-0 based on data from the heat-treat& 

!. ~ t l - 5 ' ~  coccentration factor ("t> of 6.3 was used uhemvar possible, 
k - 2 ~  '~:a ~J-LX! tha t  d a t a  from this t y - p  of t e s t  co.melates quite wull uith 
I-- rn--c.L:9 .L :::r~ior at c r y o g d c  tmporatures, 
'&e t :;,ylssIon uhere a - half the distance betueen notches ancl 

r- m o t  r d h s  of notches. 

It i a  not to 
It is, generally, an averaee frcin 

2. 
OF CCld-i-OUed C O F d i t i W ,  

.._I 

3. It 

TU8 factor (Kt) b bas& on 
xt - 5 r 



L. St;.c,?gth to dsnsity ratios a r e  based on yield strength i n  the heat-treated 
or cold-rolled condition as noted. 
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A NEW nickel-base wrought alloy, 
I i m d  62,  has been developed to 
fi l l  the need for a readily weldable, 
high s t rength metal for  ~ c r v i c e  
a t  tempcratures up to 1500 F. 
Evcnuse of its frccdom from post- 
\\<>Id cracking, t h e  alloy is ex- 
i)tvtcd to be usciul for  welded 
shcct metal asAcmblies such ns 
tiirbine engine frames. Although 
st 111 not comrnercllilly available, 
six production size heats (see 
:iiible for composition) have h c n  
rnt3:tc-d and processcd to sheet by 
1111 ce producers. 

R e 6  62 Red 41 111-718 

I75 1.52 0.6 
2.25 - 5 2  
2 %  3 08 
9 10 3 

15 19 19 
I 13 22 5 

--- 

__ 
005 0.12 , D.C4 

0 O! - 1 -  

- ; i  3 - 

IGW - - 
iow -- - 

ea1 aoi 1 e l l  

1. Aging rate o/ R i d  6P ir midway between that of R e d  11 and IN-718. 
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Figfi1.0 70. S-S Curve - 304 ELC Stainless Steel (Transverse - Joint So. i) 
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O n l y  two s tee ls  in this class W ( T ; >  studied. th i ther  of them 6ec1r.8 t o  be 
applicable for temperatures below -32CP, since tbey becone brittle below 
that temperature. 
temperature. 

Notohed/unnotchd ratios drop rapidly bel- mom 
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T h i s  s t e d  i s  a fairly recent developrr.cnt of the CIi-XO-CQ typa zlloys, 
was originally developed as a high t e i n p r a t m  alloy which d i s p l q e d  excel-  
l o a t  com5inatfons of prope,rties, 
done at s-Lb-zero tempratures. 
L e ,  no decrease In elorgation doun t o  -1103 a& hiel? s t r a n g 3  to density 
r a t i o ,  this material is certainly a candidate for M e r  study. 

2% 

V e r y  little t e s t i w  seer& t o  hare t z z s  
If the available data is any i x i i ca t im ,  



I 
1 
I 

.- 
A -  

262 

a 3  

ll 

4 

I 
I 

Cost 



I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'I 

2.5 

V c r y  little information seem to Pave beon published on 9d Si (ASTY A353). 
From xhat is available, harever, it woLLd seem that more testLng should be 
accoaplished. 

The 16$ Ki Ya a e h g  s tee l  s a m s  ?ro?Lsfn; ir. tha amealed state (severe 
er,britt lmont at -&23F in t ho  a;d condition:.  
and strength t o d e n s i t y  r a t i o  is gccd. 

Elongation holds  fairly w e l l  
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The stren,$h density r a t i o 8  of this m t o r i a l  are low conpaed to som of tho 
s t r e l s .  
ustze,  m.oly, it is as tough at -U3T as it is at man tenprature. 
r c t z i n s  its d u c t i l i t y .  It would be most appropiate for springs, electrical 
ccnpnents, etc, 

The material does hava other  properties uhich qxz l i fy  it for crjogenlc 
It a z o  
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W i S  

Because of t h e  VOFJ high strengt!! to d c n d t y  ratios f o r  t h e  materials st-diod 
t h y  soem to Go oxcelltint card idaks  f o r  cr,rogenic s t r ~ i c ~ u i ~ l s .  
oxcaption of tho  cm.ercial  iwoduction Ti5.4-1-2.5 Sn d l  mzterldls s f c t i cd  
wzrc of t!x ext ra  low Interstitial Cjpe. It Ahas been feud $hat  an oxygen 
contant i n  excess of 0.0% t end8  t o  c a ~ s o  e r a r i t t l e m n t  a t  cryozenic te!rpr- 
atG-es. It mst be pointed out a lso  that titaniurc alloys are not corpatible 
wi th  fluorine. 

With Lho 
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Figure 6. Tensile Pro;lcrtics vs. Temperature - for 
Three H e a t s  of T1-5ii'-2. 5 S;,, C:),'A SpecificaGon 0-71010 
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Xost aluidnm alloys are sui*&le for cryopr& structures due 
high strength and good w e l d a b i l l t y ,  
is d s s  g o d ,  as is the strength to density ratio, 

' for the lcost part in excess of 0.90, 

their fa ir ly  
Lq rr.o.;t cas03 ducti l i ty  at lug t e x p r ~ t ~ ~ ~ o s  

Notched/uo;iotc!!ed ratios a m  
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crjrstalstnrotun 

F'rior pwwicling 

k n y  labmatory tests  have been dsrl6ed t o  meamre duct i l i ty  with the ob$ectAve 
ab a i u h t i n g  fabricating conditlerrs. The m o s t  comwm aethods m e t  miapureumt 
oi robetian in area urd olangatim in tension tests,  masurogsnt of number of 
twista t o  fracture in a tarsion tea t ,  measaremmt of depth on cmp h t a ,  and 
m a s w e r n t  of angle of bending upat appearame of flret v i s i b l e  c n c k  in bend 
terta 
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. F a c i l i t i e s .  

Tooling, 

, Schwatic drawinys and rhotographs of t h e  Drowsed sgstan. 
* 

5. Discussion 

LA2 forming emerierices in Aerospace ?'ai;f3cturIng hav,? been l imited to 
irifanr.atim contained i n  techcical mtblications and in-plant discussions 
from time to time in the Dast several m b ~ t h ~ ~  It is considered by Earn-  
fac t i l r ing  to be a significant advdncnmenf i n  the "state of the art". I t  
irjJ recognized t h a t  carsful haxilir?.. in fomiw of t h i s  type is nran?sbry, 
therefore s a f e t y  factors regardir.7, the manufactur ing wrtians af  t b  ~ m -  
j e o t  of t h e  project were ,$vm special considpration. 

?our major areas of activity have been reviewed - 
. Facilities. 

. Tooling, 

. Yanufacixr ing apcmach. 

. Safety factors, 
Yauiliti  es 

The S o l a r  derslomd bellows f o n t s ' :  rresi 2 3 % ~  in.operation in deDarttrier?t 17 
(Aircraft BelloU8) has been selected for t h e  dsveloprent,  The f a c i l i t y  .Lg 
1w"ud approximately h3% a t  t h e  preamt t b s ,  which Drovides w with ample 
tima f o r  this task. 
pr~grm, such 89  capabi l i ty  of rematin? to c 1 m p  tolerance8 and ecar ,dca l  to 
tool 0 

'%e f a c i l i t y  has t h e  features deemed necessary for t h e  t e s t  

The -ronased foming 1;u~ocess i s  such tI?^zt ra te r ia l s  are not drac.n t t ; r o ~ - $ ~  or 
over any d i e  surface, 3ulSng the famin; o x r a t f a n ,  t he  d i z  m v e s  with the 
? l a t a r i a l  uhlch has been pre-set  to m o d w e  3 c o w o l u t f o z  of a calcidlsted elo7,:a- 
tion, t h e r e f o r e  minimizinq or uLrizatinZ die x n r h  in t h e  dmwn area. 



TIS f a c i l i t y  is i s o l a t e d  in t h e  clelloks fomir,: derarW,ent  and is mt m a r  a 
main t r a f f i c  aisle thus h e l p f u l  rs,;ardin,. the ssfet;r asnects of th9 r4'ihCCine. 
Sunwrt in . :  f a c i l i t i e s ,  such as nrec i s ion  ~ ! ~ s a r s ,  w e l d e r s ,  s i z i r g  e ? : i x r n t ,  P ~ c . ,  

;*re i n  tJb,e a j a c e n t  area. 
the a - c e s s i b i i i t y  to cbservin: f n n i n f  overa t ion .  

The attac'ned prqtoLgaoh i l lus t ra tes  t h e  f A c i l i t j j  and 

Eanufacturing Plan 

Baaic operatfons w i l l  be to shear,  uefd and size a rec i s ion  c:ilinders (sf the 
various materials to bc tes ted .  
Samples wiU t e  for:neo at both room tmper?t,urea and s-tb-zero -32W. 

&el& w i l l  be  radio;ra&ic insnecteti as required. 

1. 
2. 
3. 
t o  

5. 
6 .  
7. 
e .  

Place tube in die base. 
Lower bp d i e  to B e t  blocks.  
Introduce LN2 to cavity around dies. 
Pour me-detenninod amount of L::2 i m i d e  tube tci b e  f o n e d .  
Form Frirnary bu1,;e. 
Hold yreszure i n  cavitp, 
Firj 3k: f a F  convolution, 
R~tmos-e fonn d i e s .  

t iold until stabilized, 



2 eve3 o m e n t  S osta 

Tentative costs for t h e  mogram are based on m'elbinary information obtained 
f r o m  the en<ineerInl: directives and ~ d n u f a c t - m i r y  invest,i:a?,ims 

a. 'l.t.rsaratior! of swples ,  rac-him s e t  up 
axxi fsnning onerations a t  rooIp, ten,wra+,u.re. 22 konrs  ner smvle  

b. f r w a r a t i o q  of sanples, ~ a c n i n e  s e t  up 
and forming m e r t t i o n s  a t  =?23' fomsd 
sa= -3 ps, 
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